Background: Safe management of faeces (SMoF) and environmental contamination by faecal pathogens have been extensively researched although the SMoF in under-five children has been perennially neglected perhaps due to the misconception that it is harmless. This research, therefore, studied the situation, to determine the magnitude and dimensions of the problem aimed at making policy level stakeholders aware of child faeces management systems and so, inform evidence-based implementation of child and health-related programmes in Nigeria.
Background
Environmental sanitation in practice applies the physical and biological principles to improve and control factors in the environment. Sanitation is an important foundation required towards the protection of public health and human welfare, which has assumed prominence in the international development agenda as a basic human right [1] [2] [3] .
In 2013, the Nigeria Demographic and Health Survey (NDHS) revealed that households in Gombe state (Northeast Nigeria) has the highest access to improved sanitation facilities (66.5%) while those in Zamfara state (Northwest Nigeria) has the lowest access (6.9%) to improved sanitation facilities [4] . In addition, 30.1% households had improved, non-shared toilet facilities being used by 34.0% of the population with coverage skewed towards urban residence [4] . In Osun State, where this study occurred, only 16.1% of households had access to improved sanitation facilities, mostly in urban residential areas being used by 19 .2% of the population [4] . As at 2015, the proportions of people that used improved (29%), shared (24%), other unimproved (22%) toilet facilities were below those required to meet the sanitation target of the Millenium Development Goal (MDG) seven, that sought to halve the proportion of people without sustainable access to basic sanitation in Nigeria [5] . The sanitation indices in Nigeria contributed to the poor human development index, typified by the high infant mortality rate (72.7 per 1000 live births) and under five mortality rate (157 per 1000 live births) [6] . The above statistics predisposes young children, who tend to defecate in areas where other susceptible children are exposed while learning to walk or playing in their premises, with frequent hands to mouth contacts, thus increasing the prevalence of faeces related diseases in such places and the risk of environmental enteropathy [7] [8] [9] .
In 2012, the World Health Organisation/UNICEF Joint Monitoring Programme (JMP) reported that about 121.9 million Nigerians lacked access to improved excreta disposal facilities while 38.8 million Nigerians practice open defecation. This meant that only 28% of Nigerian households had access to improved sanitation conveniences. The analysis of the Nigeria's National Demographic Health Survey (NDHS), 2013 data, authored by Water and Sanitation Program of the World Bank reported that only 23% of households dispose of their youngest child's faeces in an improved sanitation facility [10] . The prevalence of risky disposal of children's faeces in Nigeria is higher among households without access to improved toilet, probably among dwellers in rural areas and urban slums. These are where poorer households, and those that practice open defecation predominate [10] . Safe excreta disposal in children is equally as important as in adults [11, 12] , though efforts have been concentrated on promoting the construction, ownership and use of adult toilet facilities globally. The safest way to dispose of faeces of an under five child is to help him/her use the toilet or latrine. However, for the very young child, the faeces could be rinsed into the toilet or buried, which is synonymous to cat sanitation in the first instance instead of open defecation [11] [12] [13] . Unsafe faeces disposal practices include those left in the open, thrown into the garbage, put/washed/rinsed into open drains, eaten by animals where faecal pathogens predominate and spread, from multiple environmental media to human populations [14] .
The World Health Organisation (WHO) attributed 88% of diarrhoea associated mortality in the world, to unsafe water, poor sanitation, or hygiene. Over 99% of diarrhoea, associated mortality occurred in developing countries while about 8 in 10 deaths occur in children [15] . In Nigeria, the diarrhoea prevalence rate (18.8%) is one of the highest in Africa and above the Sub-Saharan Africa average of 16%. Diarrhoea accounted for over 16% of child deaths in Nigeria and an estimated 150,000 deaths mainly among children under five annually. This is caused predominantly by poor sanitation and poor hygiene practices, especially when the faeces of 47% of children Under five years old in Nigeria is disposed of through unsanitary methods [10] . In the context of this research, the caregiver was any adult person, who could be a family member or paid helper that cares for a child between 1 and 59 months old, for at least two consecutive months. Hence, caregivers could be grandparents, parents, aunts, formal and informal institutions such as a creche, where they are catered for. From available statistics, the practice of safe child faeces management remains low in Nigeria and factors associated with the practice of caregivers have only been documented in a few literature [10, 16] . The study, therefore, explored the magnitudes, dimensions and determinants of child faeces management in an urban city in Nigeria.
Methods

Description of the study location
The study was conducted in Osun State in South-western Nigeria. Osun State has a tropical climate with distinct wet and dry seasons. The study took place in Ile-Ife, the headquarter of Ife Central and Ife East Local Government Areas (LGAs). Ile-Ife is bounded by Ife North, Ife East, Ife South and Atakunmosa West LGAs.
Study design
The study utilized an exploratory cross-sectional design.
Sample size determination
The minimum sample was calculated by using the formula for estimating single proportions [17] ; n ¼ Z 2 P 1-P ð Þ=d 2 n = minimum sample size Z = standard normal variate, at 1.96, which corresponds to the 95% confidence level. P = 23%, the proportion of under five caregivers that practice improved excreta disposal in Nigeria [10] . d = degree of accuracy desired or maximum allowable margin of error, it was set at 5% (0.05). This gave a sample size 273, which was increased to 300 with 10% added for attrition, inappropriately filled or missing questionnaires.
Sampling technique
The study utilized a multi-staged sampling technique. Ife Central LGA has eleven wards from which four were selected by simple random sampling. This was followed by the selection of three streets from the respective sample frame by simple random sampling. Houses in the selected streets were identified by systematic sampling method. Trained enumerators were assigned clusters of households delimited by road networks and footpaths. In selected houses, if there were more than one eligible households, simple random sampling was used to identify the index household that participated in the study. Only one household is eligible to be included in the study per house.
Each enumerator started at the proximate house, closest to the main road, soliciting every third household in a clockwise manner until the minimum sample for the street has been covered, according to the works of Russel et al. [18] . Three hundred and fifty-nine households were approached out of which 7.5% (n = 27) were not eligible by the inclusion criteria while 8.9% (n = 32) declined to participate, though eligible. A total of 25 households were recruited per street.
Inclusion criteria
For caregivers to be enrolled in the study, they should have satisfied the conceptual definition of caregivers provided for the study; be willing to participate and be resident or working within the randomly selected households in the study area.
Data collection and analysis
The study took place between February and April 2016. The study utilized a pre-tested questionnaire (refer to Additional file 1), which contained sections on sociodemographic information, knowledge, attitudes and practices on child faeces passage, transport, disposal and hygiene of children and caregivers. A direct observation was used to document practices on the child faeces management chain (faeces passage, transportation, transport tools, disposal, hygiene of the transport tools and handwashing), where the under five children defecated during the period of data collection and observation. During the data collection period, if the index child in any of the enrolled households either defecate or defecating when the enumerators were there, then the process is recorded and reported in the study. The observations were not triggered but only happened and recorded during the data collection phase of the study. The study also observed and recorded the features of the household toilet facilities and presence of human excreta around the premises.
The diseases presented in this study were self-reported by the caregivers of under-five children, based on a 2-week recall period. However, the enumerators were trained to recognize the signs/symptoms and probed for each of the four diseases prior to making informed decisions. The completed questionnaires were checked and cleaned for completeness, accuracy and coded. The data were entered using EpiData 3.1 (EpiData Association, Odense, Denmark) and analyzed by using IBM-SPSS version 20. Socio-demographic characteristics and other univariate variables were presented by summary statistics using mean ± standard deviation and mode for continuous variables and frequency/percentages for categorical variables.
In this study, a household was defined as all persons who shared a cooking pot [19] . The questionnaire had 10 and 11 question items on knowledge and attitude variables. Prior to analysis, correct responses were coded as '1' while incorrect responses were coded '0' for knowledge questions. The respondents' attitude was measured by 5 point Likert scale: "Strongly agree", "agree", "undecided", "disagree" and "strongly disagree" and scored 5, 4, 3, 2 and 1, respectively. For knowledge and attitude variables, the aggregate scores were dichotomized into good and poor for knowledge, positive and negative for attitude scales, respectively. In this regard, the median (inter-quartile range) for attained knowledge score were 7 (6) (7) (8) . So, a score below 7 was recoded as low and a score equal to or greater than 7 was considered high [20, 21] . Similarly, a score of 42 (39-45) was used to stratify the sum of attitude scores on child faeces management into positive and negative categories, respectively. In constructing the wealth categories, variables such as ownership of the house, and household items such as fridge, Television/video, paid satellite television, care/motorcycle, laptop, separate room for kitchen contributed towards the measuring scale. The presence of the household items was rated '1' while the lack of these was rated '0'. To stratify into categories, 1-39%, 40-69% and ≥ 70% were rated poor, average and rich, respectively. For bivariate analysis, chi-square (Pearson) statistics was used to assess the type of relationship among pairs of under five child defecation practice indices, except otherwise stated, with the level of significance at <5%.
Multivariate analysis
Following the guidance provided by Cronin et al., variables with a p-value of <0.25 in univariate analysis were included in the multivariate analyses model [22] . Variables with a p-value of <0.05 after backward elimination were retained in the final model.
Outcome measures
As suggested by Curtis et al., faeces disposal was recoded into a binary outcome, "safe" and "unsafe," depending on whether the practice is prone to faecal contamination of the environment [23] . In addition, handwashing was also dichotomized into 'correct' and 'incorrect' practice outcome while faeces management chain (involving faeces passage, transport, disposal, washing of faecal transport materials and hand hygiene) was stratified into 'safe' and 'unsafe' practice. '1' was assigned where all the attributes were safe while '0' was assigned to situations where any one step in the faeces management chain was not safe.
Results
Socio-demographic and economic characteristics of respondents
In the study, the average age (mean ± Standard deviation) and monthly income (mode) were 30.8 ± 7.5 years and 10,000.00 ($28.60). Most caregivers were females (276, 92%), and of Yoruba ethnicity (240, 80%). Also, most caregivers were mothers of the under five children (254, 84.7%), had at least secondary education (216, 72.0%) and were semi-skilled (171, 57.0%) ( Table 1 ). In addition, the study showed that Moreover, two-fifth of respondents (124, 41.3%) were rich while others belonged to the medium (74, 24.7%) and poor (102, 34.0%) economic clusters, respectively ( Table 2) .
Knowledge of caregivers on child defecation and hygiene indicators
As shown in Table 3 , 82% (247) of respondents knew about the sanitary handling of faeces of under five children while only 32.3% (97) had knowledge that faeces of under five children can not be used on farms as manure without adequate treatment. Moreover, 36% (109) respondents knew about correct handwashing process while about two-third respondents (126, 42%) knew about critical times for handwashing. The composite knowledge analysis, however, showed that six out of ten respondents (192, 64%) had good knowledge while 108 (36%) had poor knowledge on assessed sanitation and hygiene indices.
Attitude of respondents on child defecation and hygiene practices
The findings of the study showed that 262 (87.3%) respondents believed that the use of improved toilet is mandatory for safe management of faeces (SmoF) of under five children and only 38 (12.7%) believed that the faeces of under five children is harmless when compared with those of adults. In addition, 283 (94.3%) respondents believed that under five children should be potty trained, right from infancy, while 80% (240) believed that disposal of child's faeces on open dumps can cause faeco-oral diseases (Table 4 ). In the study, a little above average caregivers (161, 53.7%) had a positive attitude while 138 (46.3%) had a negative attitude on sanitation and hygiene variables related to the management of child defecation practices.
Child faeces management practices
Water supply and sanitation access by caregivers of under five children
In our study, most caregivers (281, 93.7%) had access to improved water sources, located outside their premises (177, 59.0%) with a modal travel time of five minutes for a return trip. Also, about two-thirds of caregivers (193, 64.3%) had access to improved toilet facilities while others used unimproved (70, 23.3%) toilet or practiced open defecation (36, 12.0%). In addition, the toilets of 154 (51.3%) caregivers were located outside their households premises and required a modal time of six minutes to use and/or disposed of the faeces passed by their under five children (Table 5) .
Excreta management chain behaviour among caregivers of under five children Defecation practices of under five children in the study area
In the study, only 59 (19.7%) households practiced safe faeces disposal during the day in contrast to 207 (69.0%) that safely disposed of their children faeces at night (Table 5 ). In addition, the day and night preferences for under five children to pass faeces differs as shown in Fig. 1 . The faeces passage arrangements in households of under five children showed that non -mobile (2, 0.7%) and crawling (16, 5 .3%) children passed faeces in diapers while the use of potty commenced with the crawling under five children. In the same manner, the use of a toilet, and possibly toilet training, starts with children that can walk unaided (31, 10.3%) while most caregivers use the potty for containment of faeces passed by their wards ( Table 6 ). The study further showed that the potty is mostly used by 187 (63.2%) caregivers during the day and 139 (36.5%) caregivers at night while sanitary napkin is preferred by 32 (10.8%) caregivers during the day and 39 (13.0%) caregivers at night. However, defecation by under five children was done on the premises only by one in twenty caregivers (14, 4 .7%) during the day (Fig. 1) .
Transport of faeces passed by under five children in the study area
The potty was reported to be used for containment and transportation of the faeces of under five children by more than half of the respondents (154, 51.3%) while other transport devices included paper (16.7%) and nylon (5.3%) ( Table 7) . However, direct observation showed that caregivers used the shovel (27%), simple household packer (25%), bowl, broom and kettle (12%) among others (Fig. 2) .
Disposal of faeces of under five children after passage and transportation
Two-thirds of caregivers disposed of the faeces of their under five children in the toilet while the nearby bush/ open dumps were used by 49 (16.3%) caregivers (Table 7 ). In addition, regarding the disposal of under five faeces, caregivers preferences varied with the mobility of under five children. The caregivers' disposal of faeces by 197 (65.7%) under five children, especially those that walked unaided was done by rinsing and emptying into the toilet (Table 6 ). The study also showed that convenience (42%), health (28%) and cost (19%) influenced the existing defecation practices by the caregivers for their under five children. Besides, the anal cleansing of children was done most times by rinsing with water (254, 84.7%) and disposed of in the toilet by 54.3% caregivers ( Table 7) . Handling and safe keeping of faeces transportation and disposal tools
In our study, only 59 caregivers, corresponding to 19.7% had dedicated tools for removal of children faeces from where passed, for disposal (Fig. 3) . The tools were washed after use by only 49 (16.3%) caregivers with soap and water (33, 11%) and water only by 5.3% caregivers.
Hand hygiene aftercare for under five children that passed faeces
Most caregivers (241, 80.3%) washed their hands with soap after caring for under five children that passed faeces, while other behaviour ranged from washing hands with water only (43, 14.3%) to non-cleaning/washing of hands afterward by 6 (2%) respondents. However, 94% of caregivers omitted at least one step in the process of ensuring SMoF.
Period prevalence of selected childhood diseases
The 2-week period-prevalence of childhood diseases, among under five children showed that diarrhoea was prevalent at 41 (13.7%), followed by dysentery (7, 2.3%), cholera (5, 1.7%) and helminthic worm infestation (4, 1.3%).
Relationship among child defecation management and associated variables
As shown in Tables 8 and 9 , a significant association was found between handwashing practices and types of households toilets (P < 0.001), wealth (P < 0.001) defecation preferences of caregivers for under five children during the day (P < 0.001) and during the night (P = 0.008). In addition, knowledge was significantly associated with the types of households toilets (P = 0.037), faeces management chain (P = 0.032) and disposal of used anal cleaning materials (P = 0.002). In addition, diarrhoea was significantly associated with the day (P = 0.0001) and night (P = 0.0001) defecation practice by caregivers for under five children (Table 10 ). The odds of caregivers supported defecation of the under five children through improved toilet during the daytime, followed by handwashing were six times more than for those using the unimproved toilet, without handwashing. Also, most caregivers whose under five children practiced safe sanitation were rich (p = 0.009) ( Table 8 ). In addition, the odds of defecation by under five children through improved toilet at night, followed by handwashing were three-folds than the odds of those using unimproved toilet/open defecation for disposal of under five children faeces without washing hands afterward. In like manner, the odds of faeces management by caregivers for under five children older than two years was five folds likelihood than for those who were older (Table 9) . Moreover, the odds of under five children whose faeces were disposed of by unsanitary methods had four-fold likelihood of developing diarrhoea (Table 10 ). The result of the multivariate analysis predicting under five child faecal passage preferences during the day (Table 11 ) and at night (Table 12 ) was done through binary logistic regression. The significant predictors of where under five children passed excreta irrespective of time of the day were the caregiver's occupation (civil servants), the age of index under five child, the transport and disposal of faeces whereas knowledge only predicts the passage of faeces preference by under five children at night (P < 0.05).
Discussion
The safe management of child faeces require not just a sound knowledge and awareness but also the provisions of child-friendly facilities in houses where care is provided as the basic minimum. To manage faeces of under five children, caregivers are required to know about, and be able to apply appropriate preventive behaviour within the socio-cultural beliefs and precepts to promote public health. The study, therefore, explored faeces management practices of under five children in an ancient city in Nigeria, among caregivers who were ethnically and chronologically similar in socio-demographic characteristics but differentiated on their prevailing knowledge, attitudes, and practices.
Knowledge of caregivers on defecation practices among under five children
Knowledge empowers when allowed to influence our attitudes and practices [24] . Many caregivers knew about the sanitary handling of faeces of under five children, correct handwashing practices and critical times when hand washing should be performed. The study identified two clusters of caregivers; those with low and high knowledge and attitudes. In our study, more than half caregivers had good knowledge and positive attitudes in contrast to the findings of Demberere et al., among mothers of under-five children in Mawabeni in Zimbabwe where they had poor knowledge and attitudes [25] . [14, 26, 27] . This contrasted with the situation in reality, where the faeces of under five children contains a higher number and diversity of pathogens [22] . In addition, only a little more than half of the respondents had a positive attitude and barring other confounders, will ensure that caregivers practice SMoF passed by the under five children, though the proportion that practiced SMoF of under five children could not confer herd immunity on other children in the study area. This is a concern for intervention since a positive attitude is a pre-requisite to safe behavioural change in the population, based on the explanations by Lanata et al. [8] , that faeces of young children predominates in the environment where their peers are exposed and vulnerable to faeces related childhood illnesses. To avoid this situation. a positive attitude by caregivers during the formative years of the under five children are required to model their behaviour towards safe excreta management and hygiene practices.
Access to water, sanitation and hygiene facilities in caregivers households
The importance of adequate and safe water to improved sanitation and hygiene practice has been discussed by authors [10, 28] and also in Burkina Faso by Curtis et al. [23] and in India by Sahay et al. [29] , where access to water within the premises was associated with safe child faeces disposal. In this study, many caregivers had access to improved water supply, though located outside their premises which required about five minutes of travel time for a return trip, an additional burden on their numerous responsibilities. Therefore, limited availability of water within the premises of a few respondents, made it challenging to abide by best practices for child faeces management. Availability of safe water, within the households premises, enhances the caregivers' ability to practice handwashing. Inadequate handwashing predisposes under five children to childhood diseases, probably through 'make-shift' arrangements, in agreement with the findings of Freeman et al. [30] . The above situation might be made worse by the lack of child-friendly facilities at the household level, to enable safe child defecation. Moreover, informal interaction with some caregivers revealed that the health promotion by nurses with pregnant women during antenatal visits excluded the information on SMoF for under five children, despite its associated risks. In this study, about two-thirds of the caregivers had improved toilet facilities which should influence the health status of under five children., in agreement with Mosley and Chen [31] framework, which saw sanitation as a proximate determinant of child health and acknowledged its importance in providing a hygienic environment to the growing child.
Under five faeces management practices by caregivers
According to World Bank/Unicef [10] , pre-ambulatory under five children may not be able to use any toilet facility because of their age, stage of physical development and safety concerns irrespective of toilet access. This was in agreement with the findings in our study where about two-thirds of caregivers had access to improved toilet facilities whereas 19.7 and 69.0% among the under five children practiced safe defecation during the daytime and at night, respectively, in contrast to higher access to safe toilet facilities by the caregivers. The above findings were also in agreement with those of Demberere et al. [32] where 17% caregivers practiced safe disposal of children's faeces and with the findings of Miller-Petrie et al. [33] where 'child faeces are disposed of unsafely even among households with latrines' Besides, the six minutes of travel time to use and disposed of child's faeces, outside the households premises contributed to the prevailing poor disposal practice.
There is a direct relationship between the age of the under five children and where they passed faeces, probably as the children age, they either learn about toilet discipline by the use of potty (Fig. 3) or disliked the sight of faeces. Moreover, the potty is used most of the time for the containment and transportation of children excreta, especially where the child has learned the habit of using the potty in defecation. Besides, the use of unsanitary transport media for faeces could predispose young children to enteric infection since they are mostly exposed to the ambient agents due to the time they spend roaming the environment and their habit of putting fingers and fomites in their mouths [34, 35] . Hence, caregivers should be knowledgeable about the dangers associated with allowing 'convenience' to determine the passage, transport, and disposal of faeces passed by the under five children.
In most cases, the use of tools dedicated to the management of under five child faeces was not considered important by caregivers in the study area. This should be improved to ensure that child faeces is being safely managed to improve their health and livelihood.
Washing the tools after every use with soap and water was good, assisted by the presence of water, sanitation and hygiene facilities in the home environment.
In the study, hand hygiene was practiced by most caregivers with soap after caring for their ch children. This is good though the importance of sustainable hand washing at critical times by caregivers and for their under five children should be advocated for, more so when very few caregivers practiced SMoF. in the care of their under five children. [33, 35] , confirmed that the presence of faeces, especially those of under five children in the premises has been found to be associated with diarrhoea and hospital admissions. Also, children are at a greater risk of diarrhoea if their caregivers disposed of their faeces in an insanitary manner according to Baltazar and Solon [36] . The above studies were in agreement with the findings in our study where under five children whose caregivers guided them on safe passage of faeces had a lesser risk of having diarrhoea. The presence of faeces in the premises of the under five children could be responsible for the high period prevalence of diarrhoea in the study, though the finding should be interpreted with caution as a result of seasonal variations in the prevalence of diarrhoea [4] . The study finding where handwashing was positively associated with ownership of improved toilet was also in agreement with that of Azage and Haile and Majorin et al. [37, 38] , where handwashing was positively associated with household toilet ownership, wealth; day, and defecation practices of under five children at night while knowledge influences household toilet, composite faeces management chain and disposal of anal cleaning materials used to clean up under five children by their caregivers after defecation.
Strengths and weaknesses of the study
The study is a population-based, exploratory and crosssectional in design with the respondents randomly selected through multi-stage sampling technique in order to reflect their true characteristics. Hence, the findings can be generalised to the study population, especially in southwest Nigeria. One of the weaknesses of the study is that the data is partly dependent on self-reported information from caregivers of under five children. Though non-response persists in the data, conscious efforts were made to minimize it during data collection by engaging experienced enumerators, skilled in the art of data collection at the population level. However, causal effects can't be adequately measured while disease prevalence was based on period prevalence, as at the time of the study, of course, which did not take into cognizance seasonal fluctuations which are time dependent.
Conclusions
The good knowledge and positive attitude showed by caregivers were at variance with practice while the factors that predicted where under five children defecate during the day were, included where the child' anal cleaning materials were disposed, the distance to the toilet facility to the residence and caregivers education. Hence, policy re-orientation, development of appropriate behavioural change communication guidelines should be developed into packages to address observed negative practices, mainstreamed and promoted through appropriate communication channels in Nigeria. 
